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AN INTRAMURAL NEEDLE-TIPPED SURGICAL DEVICE 



FIELD OF THE TNVENTTQN 

The present invention relates generally to medical equipment and procedures* 
and more particularly to catheter-type devices for treating the heart and other organs. 
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BACKGRQ1 

Radiofrequency (RF) ablation can successfully treat many cardiac 
arrhythmias* Unfortunately, the depth of ablation lesions produced by conventional 
radiofirequeney ablation is limited to 4-6 mm. Active cooling of Ac ablation electrode 
has been introduced in an attempt to increase lesion depth, bat even ablation lesions 
produced by irrigated tip catheters may no t be of sufficient depth to treat the critical 
site of some arrhythmias. Subsequent pathological -examination of patients who had 
unsuccessful audiofrequency ablation for intractable ventricular tachycardia revealed 
that the conventional, endocardial radiofrequency ablation lesion had not been 
transmural: e.g.. see Palraa, E. C. Saxenberg V,Vijayai*man P, Fcrrick K, Gross J v 
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11 





noncontact mapping in a patient with peripartura cardiomyopathy and ventricular 
lia", Pacing Clin Electrophysiol, 24, 12, ^1812-5. 
Radiofrequency ablation delivered through an intramural needle has been 



investigated as a possible means of producing erne transmural ablation lesion*: e.g„ 
see Woo EJ, Tungjitkusolmun S 7 CaoH, Tsai JZ, Webster JQ, Voiperian VR, Will 
JA, "A new catheter design using needle electrode for subendocardial RF ablation of 

a - « , . . J? i 

ventricular muscles: finite element analysis and in vitro experiments," IEEE Trans 
25 Homed Eng. 2000, 47 t pp- 23-31; and Kovoqr P., 4 ^diofrequcncy ablation for 
trioular tachycardia," Department of Medicine, Sydney, University of Sydney, 
1997, p. 289 and Ohtake H, Misaki T, Matsunaga.Y, Watanabe G, Takahaahi M. 
Maleumoto I. Kwawasuji M, Watanabe Y, 'Development of a new intraoperative 
radiofesquency ablation technique using a needle electrode", Ann Thorac Surg, 58, 3, 
30 pp. 750-3. 
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Moat needle ablation systems are designed fbr use during operative ablation, 
exposing the patient to the risks and discomfort associated with major cardiac surgery. 

U.S. Patent No> 5,281,218 issued to lajran on 25 January 1994 describes a 
catheter having a needle electrode for RF ablation of human myocardium. Die 
catheter is an elongate member with a lumen through the catheter lengthwise. A 
needle electrode is rigidly fixed to a terminal end of the catheter and is connected by a 
conductor passing through die lumen to an RF energy source. This U,S. patent also 
describes a further needle electrode disposed within the catheter that can be extended 
from and retracted into the catheter. A significant disadvantage of such catheter* 

based devices is that die needle electrode often cannot be positioned so that the 



myocardium for insertion of me neeoic ei 
and hence the needle electrode often contacts the myocardium at an acute or oblique 
angle. Firstly, the electrode for ablation may not be positioned at ibe desired location 
and because of the angle may slide along the surface. Further, if the needle electrode 
enters at an acute angle, the resulting lesion produced by RF ablation may not be 
sufficiently deep and may instead produce a longer, but shallower lesion. Thus, 
healthy tissue may be destroyed needlessly. Another disadvantage of this system is 
that any needle electrode of sufficient width to create a clinically useful ablation 
lesion (>4 mm width) requires considerable force to insert the needle into the 
myocardium A catheter-based system is not able to deliver that force unless die 
catheter is fixed firmly to the myocardium As shown in Figs. 7A-7C, such a 
catheter-based system 700 has die disadvantage of the catheter rip 710 being forced 
away from the myocardium 730 during attempted insertion of the needle 720. Fig. 7 A 
illustrates die catheter device 700 ideally deployed with the catheter end 710 abutting 
the myocardial tissue 730; Fig. 7B shows a partial deployment of die needle 720 from 
the catheter, and Fig. 7C shows how the catheter end 710 moves away from the 
myocardium 730 when an attempt is made to deploy the needle 720. 

U.S. Patent No. 5,807,395 issued to Mutter. et al on 15 September 1998 and 
International (PCT) Patent Publication No. WO 96/07360 published 14 th March 1996 
describe methods and apparatuses for RF ablation and hyperthermia using a hollow 
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ne edle electrode or helical electrode connected to a catheter to infuse conductive 
solution into the tissue to produce a larger virtual electrode and hence a larger treated 
area. A conductive fluid such as saline, saturated saline, or Ringer's solution is 
passed through the lumen of the catheter and is delivered via a port in the electrode at 

$ the end of the catheter into the tissue. In particular, this U.S. patent describes using a 
helical electrode for cardiac ablation. The helical electrode is screwed into die heart 
tissue by rotating the catheter body. That is, the helical electrode it screwed in and 
completely located within the tissue. The conductive solution is delivered via an 
opening at the end of the hollow electrode or via ports along the sides of the electrode- 

1 0 This US. patent discloses screwing large electrodes into the tissue of depths from 5 
ram to IS mm. that is, deeply into the myocardial tissue- However, several significant 
disadvantages exist in this regard Firstly* this catheter-based device has all of die 
disadvantages noted above in relation to US. Patent No. 5.28U18 regarding 
positioning of the catheter and the angle of attack of the electrode. That is, the 

IS electrode may not enter the tissue perpendicular to the surface of the myocardial 
tissue. Further, the helical electrode ean improperly damage or destroy substantially 
more tissue than Is the case of a needle electrode in similar circumstances if the 
helical electrode is pulled from the myocardial tissue and rips away more tissue In the 
coils at depths of up to 15 mm. For example, this might result from defibrillatmg the 

20 patient with die electrode in situ during a procedure. This could cause severe 

complications including cardiorespiratory arrest due to bleeding into the pericardial 

$p3CC, 

U.S. Patent No, 6,251,121 issued to Saadat on 26 June 2001 describes 
apparatuses and methods for intraoperatively performing surgery to create transmural 

25 channels in tissue and in particular transmyocardia] revascularisation. One apparatus 
described is a handheld device that includes a flexible hose with a cutting head 
coupled to a radiofirequency current source thai uses low-pressure suction to stabilize 
an end region of the apparatus against tissue. This is done in an attempt to stabilize an 
end region of the device against a beating heart. Another stabjl&ng means comprises 

30 a corkscrew dement disposed m a tubular member: The corkscrew element may be 
located on the distal end of the shaft adj aoent to the cutting head to pierce the 
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epioardhmi and urge the cutting head in contact with the heart during the channel 
forming process. The corkscrew element is arranged adjacent to the cutting element. 
This increased distance of be fixation element ftoro the cutting element means that 

the fixation element may damage heart tissue outside of the region to be treated. 
Where the instrument is to be used as a hand held instrument held against the 
epicardial surface of the heart under direct vision die operator can ensure that the 
fixation corkscrew element is not being screwed into a vulnerable part of the heart 
such as coronary artery. If this same fixation technique were used in a percutaneous 
setting however the operator would not have direct vision of the region surrounding 
the area to be treated and therefore could be unsafe US. Patent No. 6.251,121 also 

describes a method of stabilising the handheld instrument using & plurality of resilient 
curved wires mat diverge radially outward froui the distal tip of the instrument This 

technique again has the disadvantage of potentially damaging structures that are 
outside of the treatment zone and hence may be appropriate for use in a hand held 
instrument under direct vision, but not as a method for fixing a percutaneously 
deployed catheter. 



Vachon 



U.S. Parent No*. 5,447,533 and 5,531,780 issued to Vachon et al 
on 5 September 1995 and 2 My 1996, respectively, describe a pacing lead having a 
stylet-introduced, anti-inflammatory drug delivery element that is advanoeable fiom a 
distal tip electrode. The drug delivery element may save to center an active fixation 
element* i,e, a helix, for active fixation of the lead in the myocardium. The pacing 
lead is described as including an advanceable helix .or wriwrcw typo active fixation 
means. The helix is usually retracted within the 



be extended from the 



d tip of die pacing lead by pushing on a stylet The user can 
screw the helix into myocardium by rotating the lead until the lead comes into contact 

« 

with the myocardium. A dart capable of penetrating the myocardial wall is extended 
beyond the helix tip into the myocardium. The dart delivers therapeutic drugs to the 
area near the implanted tip of the helical electrode.; While (he heUx in mis 
configuration may be suitable for a pacing lead that does not need to be as accurately 
positioned within the heart chamber, this configuration is not satisfactory for an 
ablation catheter. During an ablation procedure, the catheter has to be carefully 
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manipulated to a specific location m the heart further rotation of the catheter is 
disadvantageous at this would displace the catheter bum this location. 

International (PCT) Patent Publication No. WO 99/22658 published 14 May 
1999 (PCT/US98/23397 filed 3 November 1998) hi the name of Scimed Life Systems, 

5 Inc. describes devices and methods for creating a aeries of percutaneous myocardial 
revascularization channels in the heart, A catheter is described that has an outer 
catheter shaft that includes an anchoring shaft and a treatment shaft or probe. The 
anchoring shaft has at its distal end an anchor, which has a pigtail or coriacww 
configuration, and can anchor the catheter to the myocardium. The treatment shaft 

10 has a distal cutting tip and extends at an angle from the distal tip of the catheter so &at 
the treatment shaft Is separated from the anchoifa&shaft As the treatment shaft is 
located some distance away from the site where the catheter is anchored, the treatment 
shaft k not m stable contact with the heart while the heart is contracting. 
Additionally, the force required to deploy a large intramural needle is likely to bend 

15 die catheter as the anchoring shaft is located at an angle to the treatment shaft. A* the 

anchoring and treatment shafts are located side by side within the outer lumen of the 
catheter, die anchoring and treatment shafts each have to be of* very small size to 
allow the total diameter of the catheter to be small enough to be clinically useful The 
constraints imposed on the size of the treatment shaft limits the diameter of the needle 

20 and hence reduces (he ablation leaon diameter. 

U.S. Patent Nos. 6,102,887 and 6 f 34^,0?9;issued to Altman on 5 August 2000 
and 12 February 2002, respectively, describe a catheter system for injecting 
tharanpeutie agents within a body tissue including the heart, A catheter includes a 
deployable distally penetrating structure that delivers agents within a heart wall The 

25 penetrating structure is depicted to be a hollow helieal needle for s 

catheter to prevent misplacement that may result because of the motion of the beating 
* heart. The helical needle can be screwed into the tissue prior to delivery of a drug. 

Another penetrating structure incorporates a solid helix, and a hollow centrally 
located needle may be provided. However, this system suffers from the same 

30 disadvantages described above in relation to U.S. Patent No. 5,281,218 issued to 
Imran. 
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Hius, a need deafly exists for surgical equipment that 

ablation lesions using B percotaneowly or cndoscopiealiy delivered intramural need! 

to deliver electrical energy and thtt allows a user to steer a catheter to the area of 
interest and secure the catheter firmly to (he myocardium with a fixation helix. The 

lent must make efficient use of space to allow a 
be deployed. 
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SUMMARY 



ect of the invention, a surgical device for treating 

tissue is provided. The devicij wmprises: a catheter, a helical fastening needle for 
fastening the end of the eafcettf to tissue; a median foi deploying and mracting 
the helical fastening needle from and into an end of the catheter, a shaft disposed 
within a lumen of the cathete^ a needle-like member coupled to the shaft capable of 

extending from the end of the catheter through die helical festering needle into tissue 

t| 

and being retracting into the end of the catheter using the shaft. 

The deploying and retracting mechanism comprise a shape memory alloy wize, 



and the helical fastening needle may be part of the shape memory alloy wire . 
Preferably, the shape memory *Uoy wife is made fiom a mckel-titamum alloy. 

^ second lumen, and the shape memory alloy w j 



■ - '■ »M* - 



bedimed within the second lumen if the helical^ 
deploying and retracting me*a|ism may comprise another catheter of smaller 
diameter coupled to the catheter, the shape memory alloy wire disposed within a 
lumen of the other catheter. 

Alternatively, the deploying and retracting mechanism may comprise 
catheter of small diameter disposed within the lumen of the outer catheter, the helical 
fastening needle coupled to the othei- catheter capable of rotation about a longitudinal 
axis of the Other catheter, The needle-like member and the shaft may be disposed in 
the lumen of the Other catheter. 

The needle-ike member may be hollow arid capable of delivering a liquid to 

irrigate the needle-like member. 
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The needle-like member may comprise an electrode for delivering 
electromagnetic energy to thennally ablate tissue. 

lie needle-like member may comprise a mechanism for measuring th 
temperature of at least a portion of the needle-like member. The needle-like member 
may comprise a mechanism for measuring electrical activity Atom and pacing nearby 

^^^^^^^^ 

member < 

In accordance with another aspect of the invention, a method for surgically 

treating tissue is provided. The method comprises: positioning a catheter adjacent to 
the tissue, me catheter comprising a helical fastening needle for fistening me end of 
the catheter to tissue; deploying the helieal fastening needle from the catheter into 
tissue to fasten the catheter to tissuej extending from me end of the catheter a needle- 
like member coupled to a shaft through the helical fastening needle into tissue. 

The method may further comprise the Step of retracting the needle-like 

! 

member into the end of die catheter, using the shaft 

The method may farther comprise the step of retracting the helical fastening 

i 

needle into the end of the catheter, j 

The helical fastening needle may be part of the shape memory alloy wire . 
Preferably* the shape memory alloy, whe is made from a nickel-titanium alloy. The 
catheter mav have a second lumen, the shape memory alloy wire being disposed 



fastening needlt 



another catheter of smaller diameter Wy be coupled to the catheter, the Shape 
memory alloy wire being disposed within a lumen of the other catheter. 

Alternatively, another itathtfe^of small diameter is disposed with a tamen of 
the outer catheter, the helical fastening needle coupled to the other catheter capable of 
rotation about a longitudinal axis of Ae other catheter. The needle-like member and 
the shaft may be disposed in the lumen of the other catheter, 

The needle-like member may be tallow, aid the method may further comprise 
the step of delivering a liqirid using the n^w^Iike member to irrigate the needle-like 

member. ij . 

1 1 

111 ' v - . v. 
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energy using the needle-like 












se the step of delivering electromagnetic 
ft ermally ablate tisane. The method ma 



>f measuring the temperature 



needle-like member. The method may further comprise the step of measuring 

h 

electrical activity from and pacing nearby tissue through multiple ting-like ete 

if 

attached to the 



rior of the needle-like member. 
In accordance with still another aspect of the invention* 



treating tissue is provided. The device comprises: an outer elongate member with 8 
lumen formed therethrough; an inner elongate member with a lumen formed 
therethrough the inner elongate member disposed within the lumen of the outer 
elongate member and capable of rotation about a longinidinal axis of the inner 
elongate member; a helical fixing member coupled at a distal end of the inner 
elongate member capable of extending from and retracting into the outer elongate 
member for screw-in type engagement with the tissue to connect a distal end of the 
outer elongate member with the tissue; and a needle-like member disposed within a 
portion of the lumen of the inner elongate member capable of being extended from 



and retracted into an end of the elongate member, die needle-like member capable of 
being extended concentrically through the helical fixing member into the tissue. 

The outer and inner elongate members may each be a catheter. Preferably, the 
needle-like member is hollow and is capable of delivering a liquid to irrigate the 

electrode tissue interface. The needle-like member may be an electrode. 

'i . 

Alternatively, the needle-like member may have one or more ring-like electrodes 

'\ 

lisposed drcumferentially about the needle-like member. The device may comprise a 

x \ 

conductor passing through the lumen of the inner elongate member and connected 
with the needle-like member for deliverihg electromagnetic energy to an electrode(s) 
for thermal ablation. \ 

The helical fixing member may bemade of metal. 

The needle-like member may further comprise means for measuring the 
temperature of at least e portion of the needle-like member, Still further, the needle : 
like member may comprise means for measurjng' electrical activity from and pacing 
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the nearby tissue through multiple ring-like electrodes attached to the exterior of the 
needle-like member* / 

The device may comprise an irrigation tube located within the needle-like 
member, wherein the needle-like member has at least one bore for releasing irrigation 



5 liquid. Further, the device may comprise an ultrasound sensing device located within 
the needle-like member. ' 

The device may further comprise a valve between die outer and inner elongate 
members, and a valve between the inner elongate member and the needle-like 

.7 

member. The device may farther comprise a pull wne connected to a metal ring 

10 located at the distal portion of the catheter enabling the catheter to be flexed and 

'>j 

deHexed as required. > 

In accordance with a further aspect of die invention, a surgical method for 
treating tissue is provided The method comprises the steps of: positioning an outer 
elongate member with a lumen forced therethrou^a a^acent to the tissue to be 
1 5 treated; providing an inner elongate member with a lumen formed therethrough, the 
inner elongate member disposed within the lumen of the outer elongate member and 
capable of rotation about a longitudinal axis of thc : inner elongate member, twisting a 
helical fixing member coupled at a distal end of the inner elongate member capable of 

i 

extending from and retracting into the outer elongate member for screw-in type 
20 engagement with the tissue to connect a distal end of the outer elongate member with 
the tissue for engagement with die tissue; and deploying into the tissue a needle-like 
member disposed within a portion of die lumen of the inner elongate member capable 
of being extended from and retracted into an end of die elongate member, the needle- 
like member capable of being extended concentrically through die helical fixing 
25 member into the tissue. t 

• ' ■ 

The outer and inner elongate members may each be a catheter. Preferably, the 

■ > 

needle-like member is hollow and is capable of delivering a liquid to irrigate die 
electrode tissue interface. The needle-like member may be an electrode. 

Alternatively, the needle-like member may have one or more ring-like electrodes 

■ , ... 

3 0 disposed dreumferentially about die needle-like member. 

' f 
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The method may farther comprise the Step of delivering the liquid via the 

oeedle-like electrode to irrigate the tissue. / 

The helical fixing member may be made of metal. 

Preferably, the tissue is located in the heart or another organ that can be 

S reached through the vasculature. I 

The method may further comprise the step of measuring the temperature of at 

least a portion of the needle-like member. 

Preferably, a valve is provided between the outer and timer elongate members, 
and a valve is provided between the inner elongate member and 
10 member. 

Preferably, a pull wire connected to a distal metal ring is provided. 

The method may further conlprise the step of judging the depth that the 
needle-like member is to be inserted into the tissue using an ultrasound sensing device 
located within the needle-like member. 
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IS In accordance with a still farther aspect of the invention, a surgical device for 

treating tissue is provided The device comprises: an outer elongate member with a 
lumen formed therethrough; a shape memory alloy wire disposed within a further 

i 

lumen and having a helical shape at one end if extended from the end of the outer 
elongate member for screw-in type engagement with the tissue to connect the aid of 

20 the Outer elongate member with thej tissue; a needle-like member, and an inner 

elongate member coupled to the needle-like member disposed within the lumen, the 
needle-like member capable of being extended from an end of the outer elongate 
member concentrically through a helical portion of the shape memory alloy wire into 

the tissue. r 
25 The outer elongate member may be a catheter. 

The inns: elongate member may be a catheter. 

The necdlc*Iikc member may be hollow and capable of delivering a liquid to 
irrigate the needle-like member. A conductor may be passed through die lumen of the 
inner elongate member and connected with an electrode of the needle-like member for 
30 delivering electromagnetic energy for thermal ablation. The needle-like member 
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further may comprise a device for measuring the temperature of ax least a portion of 

t 

the needle-like member* , 

The needle-Eke member further may comprise a device for measuring 
electrical activity from and pacing the nearby tissue through multiple ring-like 
5 electrodes attached to the exterior of the nrtdle-likc member. 

The device may comprise an irrigation tube located within the needle-like 

member, wherein the needle-like member has at least one outlet hole for releasing 

i 

irrigation liquid. 

The device may comprise an ultrasound sensing device located within the 

i 

1 0 needle-like member. / 

The device may comprise a valve between the outer and inner elongate 
members. The device may comprise a valve between the inner elongate member and 

the needle-like member. j 

The device may comprise a pull wire connected to a metal ring attached to the 
15 distal portion of die outer elongate member. % 

Hie needle-like member may have an outlet adjacent an end of the needle-like 
member for delivering a substance to the tissue; 

The device may comprise a plurality of temperature sensing or measuring 
devices attached to the needle-tike member and arranged at intervals to enable sensing 

i 

20 or monitoring of temperature at a plurality of tissue depths. 

The outer elongate member may be formed by extruding to provide the lumen 

and the farther tamen, 

The device may comprise another elongate member attached to the outer 
elongate member, the other elongate member having the father lumen. 

25 Preferably, the shape memory alloy wire is made of a mckel-titanium alloy. 

In accordance with another aspect of the invention, a surgical method for 
treating tissue. The method comprises the steps of: positioning an outer elongate 
member with a Lumen formed therethrough adjacent the tissue; extending a shape 
memory alloy wire disposed within a further lumen and having a helical shape at one 

30 end if extended from the end of die outer elongate member for screw-in type 

engagement with the tissue to connect the end of the outer elongate member with the 
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tissue; and deploying into tfic tissue a needle-like member coupled to an inner 
elongate member disposed within the lumen, the needle-like member capable of being 
extended from an end of the outer elongate member concentrically through a helical 
portion of the shape memory alloy wire into the tissue* 

The outer elongate member may be k catheter, 

"I 

The inner elongate member may bp a catheter. 
Hie needle-Eke member may be hollow, and the method may further a 

the step of delivering a liquid to irrigate the needle-like member, 

:/ 

A conductor may be passed through the lumen of the inner elongate member 

i 

and connected with an electrode of the needle-like member, and the method may 
fisrther comprise the step of delivering electromagnetic energy for thermal ablation via 



the electrode. 



The method may further comprise the step of measuring the temperature of at 
least a portion of the needfe-Iikc member. :i 1 • 

The method may farther comprise the step of measuring electrical activity 
from and pacing the nearby tissue through multiple ring-like electrodes attached to toe 
exterior of the necdlc-like member* 



M 

1 i 



An irrigation tube may be located within Ac needle-like member, the needle- 
like member having at least one outlet hole for releasing irrigation liquid. 

! 

An ultrasound sensing device may be located within the needle-like member. 

The needle-like member may have an outlet adjacent an end of the needle-like 
members and die method may father comprise the step of delivering a substance to 
the tissue via the outlet. I : A r 

Temperature sensing or measuring devices may be attached the needle-like 
member and arranged at intervals, and the method may further comprise the step of 
sensing or monitoring temperature at a plurality of tissue depths using the plurality of 
temperature sensing or measuring devices. 

The outer elongate member may be formed by extruding to provide the lumen 
and the further lumen. 

Another elongate member may be attached to the outer el ongate member, the 
other elongate member having the further lumen. ' f 
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Preferably, the shape memory alloy wire is made of a mckel-titaQhun alloy, 



PRIEF DESCRIPTTQN OF THE DRAWINGS 
A small number of embodiments are described herein after with reference to 

* • » * 

5 the drawings, in which: 

Fig. 1 is a side elevation view of an intramural, needle-tipped catheter for 
beating myocardial tissue in accordance with an embodiment of the invention; 

Fig. 2A is a detailed, side elevation view of the handle of the intramural, 
needle-tipped catheter of Fig. I (only a portion of the entire assembly of Fig. 1 is 

10 depicted); ' 

Fig. 2B is a detailed, side elevation view of the handle of an intramural 

needle-tipped catheter with an attached syringe mat may be practiced in another 

embodiment of the Invention (only a portion of the entire assembly Is depicted); 

Figs. 3 A, 3B, 3C, 3D, and 3B axe detailed, side elevation views of needle dps 
15 that can be practiced with at least one of the catheters of Fig, 1 and 2 (only a portion 
of the entire assembly is depicted);, 

Fig. 4 is a detailed, side elevation view of the needle tip of the catheter of Figs. 
1 and 3 A (electrode rings not shown) with a helical fastening member deployed m 
myocardial tissue; 

20 Fig. 5 is a detailed, side elevation view of the needle tip of the catheter of Figs. 

1, 3A and 4 with the helical fastening member and the needle-like electrode deployed 
in myocardial tissue; ; - 

Figs. 6A-6D are schematic diagrams of the intramural, needle-tipped catheter 
in use for treating myocardial ti ssue in accordance with an embodiment of the 

■ 

25 invention; 

Figs. 7A-7C art schematic diagrams illustrating deployment of an existing 
catheter-based system adjacent to myocardial tissue and displacement of the oathcter* 
based system during deployment of a needle, respectively; 

Fig. 8A is a perspective view of an intramural, needle-tapped catheter for 
30 treating myocardial tissue in accordance with another embodiment of the invention; 
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Fig. SB is a blown -up, perspective view of the needle tip of the catheter of Fig. 



Figs. 8C and 8D are crosS'Sectional views of the needle tip along the A-< 
and the catheter along die B-B line of Fig. 8B; 

i, 9A-9D are schematic diagrams of the intramural, needle-tipped catheter 

• p ■ 

tissue; 



of Figs 8A-8D in use for treating nr 

Figs. 10-12 illustrate alternate configurations of an outer body wifli a larger 

lumen and a smaller lumen; 

Fi gJ3A, 13B, 13C, 13D, 13E> add 13F ate more detailed views of the needle 
tips shown in Figs. 3A, 3B. 3C. 3D, 3B a and 4, respectively: 

Figs. 14A, 14B, and 14C are side elevatkmal, sectional views of the needle tip 

retracted, being deployed, and deployed; 





m 




if 



of a catheter with a helical fastening m 

Figs, ISA and 1 SB are side elevational, sectional views of the needle tip of a 
IS catheter with a shape memory alloy wire retracted and deployed 
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DETAILED DESCRIPTION 



Is for treating tissue, and 



Surgical devices for treating tissue, surgical 
intramural, needle-tipped catheters for treating tissue in the heart or other organs are 

described hereinafter. In the embodiments of the invention, a needle-like member 
may also be used for generating thermal lesions; removing tumors* and providing 
substances (c.g.» stem cells suspended in a liquid) to the tissue, amongst other 
purposes. The description seis forth numerous speeifio details including catheter 
materials, metals used for electrodes, and the like; However, it will be apparent to 
those skilled in the art that in the light of Otis disclosure numerous specific 
modifications and/or substitutions may be made without departing from the scope and 
spirit of the invention. In other instances, details may not be expressed explicitly and 
have been omitted so as not to obscure the invention. 



device for treating myocardial tissue. The entire catheter 100 is not shown, as 
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indicated by broken lines 1 10, to enable enlargement of (he view of the tip of the 
catheter 100, Pig. 2A provides an enlarged side-elevation view of the catheter handle 
1 12, Fig. 2B provides an enlarged side-elevation view of another catheter handle 
capable of receiving liquid from a syringe, and Figs. 3A, 3B, 3C, 3D, and 3E provide 

3 enlarged, partial aide-elevation views of needle dps 1 14. Pigs. 2 A and 2B do not 
depict the entire assembly of the device as the catheter tip and a large portion of the 
catheter are omitted to emphasise the handle construction. Likewise. Figs. 3 A, 3B, 
3C, 3D, and 3E do not depict the entire assembly of the device as the handle and a 
large portion of the catheter are omitted to emphasise the construction of the catheter 

10 tip and needle-like member. The catheter device 100 is described hereinafter with 

4 

reference to Pigs* 1-3, - ^ 

Generating Lesions and/or Making Measurements 1 

With reference to Pig. 1 , the catheter shaft 1 16 includes an outer flexible body 
or sheath 120 with a connection to the catheter handle 1 12 at one end and a distal 

15 opening at the other end The outer body or sheath 1 20 is constructed of suitable 
material such as plastic, polyurethane, polyester or PEB AX™* A second flexible tube 
or totque sheath 122 is located within the outer body 120. The inner tube 122 is 
connected to the catheter handle 1 12 at one end and a helical fixing member or 
fastening needle 130 at the other end, as shown in Figs. 3A to 3E. The inner tube 122 

20 is constructed of a suitable material, such as plastic, polyurethane, polyester or 
PEB AX™, that allows the tube 122 to be flexible to deformation but still transmit 
torsional rotation to the helical fixing member or fastening needle 130 (for ease of 
description only, the helical fixing member or fastening needle is simply referred to as 
toe "helical fastening needle" 130).' The helical fastening needle 130 is connected to 

25 the tube 122 by an adhesive preferably. 

The helical fastening needle 130 has a ste^ distal tip and a length of 2 ram, 
However, it will be appreciated by those skilled in the art that helical festering 
needles or fixing members of different sizes may be practiced without departing from 
the scope and spirit of the invention. The helical fastening needle 130 is made of a 

30 suitable material capable of fixing or fastening with tissue, such as stainless steeL 
The inner tube 122 and the attached helical fastening needle 130 are withdrawn or 
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retracted into the outer body 120 go that die tube 122 and noddle 130 are completely 
covered. An intramural needle-like member 124 can be located completely within the 

inner tube 122. 

The inmmund needl^like member 124 has a connection to a needle shaft 126 

4 

5 of Fig. 1 , which extends back to the catheter handle 1 12, As shown in Fig. 2A, the 
needle Shaft 126 in an embodiment of die invention may be coupled to an ablation 
wire 144 passing through the handle 1 12 fox providing electromagnetic energy to the 
neadle-Hke member 124 for thermal ablation of tissue. The electromagnetic energy 
may include radiofrequency (RF)> microwave or ultrasound energy. The ablation wiie 

10 144 may terminate in a 2 mm plug to enable the wire to be connected to a 

electromagnetic energy generator, e-g: a standard RF current generator. The needle* 
like member 124 may itself be an electrode for delivery of energy or have one or more 
electrodes in or on the needle-like member 124 for delivery of energy. 

The necdlc-likc member 124 has an inner lumen and a sharp distal tip to allow 

15 penetration of myocardial or other tissue. A temperature-sensing device may be 
located within the inner lumen or on the external surface of the needle-like member 
124. Preferably, the temperature sensing device is a thermocouple 128, which is more 
preferably placed 3 mm from the distal tip of the needle-like member 124. The 
thermocouple 128 is connected to two wirea 132 that extend proximally through the 

20 catheter handle 112* The wires 132 preferably terminate in 2 mm plugs to enable 
temperature monitoring during thermal tissue ablation. 

As shown in Fig. 3A, pressure valves 190 are. located between the inner and 
outer tubes 122, 120 and between the inner tube.122 and the needle-like member 124. 
The pressure valves 190 are shaped as hollow discs preferably made of an elastic 

25 material such as rubber. The pressure valves 190 are preferably attached to the 
exterior surface of the inner tube 122 and the exterior surface of die needle-like 
member 124. The pressure valves 190 allow axial, and rotational movement of the 
inner tube 122 and the intramural needle-like member 124, but stop fluid or blood 
travelling back through the inner lumens of die catheter 100. 
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The needl*lflce member 124 can be extended and retracted in a controlled 
manner using the twistablc handle shown in Fig. 2A. Thus the depth of insertion of 
the needle-like member into tissue can be controlled. 

As shown in Fig. 3A, ring-shaped electrodes 1 70-173 are preferably located < 

... 

the external surface of the needle-like member 124 in one embodiment of the 
invention to allow electrical activity within die tissue to be recorded at different 
depth*. These electrodes 170-173 also enable die tissue around the needle-like 
member 124 to be paced The ring-shaped electrodes 170-173 are constructed ofa 



suitable 









|T7S 



preferably 



10 the needle-like member 124. The inner surface of the ring electrodes 170-173 are 
coated with an electrical insulator so that die ring electrode 170-1 73 is electrically 
isolated from fee needle-Hke member 124, As shown in 1% 3A, each electrode 170- 
173 has a respective wire 174-177 that is glued to die external surface of the needle- 
like member 124, The wires 174-177 preferably terminate in 2 mm plugs ] 78-1 81, as 
shown extending from the handle in Fig. 2A, to be connected to a standard 
electrophysiological recording system 

As shown in Fig. 3 A, a fine bore irrigation tube or channel 134 is located 
within the lumen of the intramural needle-like member 124. Preferably, the irrigation 
tube 134 terminates 1 mm from the tip of the needle-like member 124. The other end 
of the irrigation tube 1 34 extends to the catheter handle 1 12 and terminates in a 
standard Muer lock' intravenous fluid connection 136. More preferably, the needle- 
like member 124 includes one or more outlet holes or bores 138 to allow irrigation 
fluid to exit from the lumen of the needle electrode 124 and enter the circulation. In 
this embodiment, the outlet holes or bora 138 are located at least 5 mm proximal to 
the maximum insertion depth of the needle-like member so that the irrigation fluid is 
Dot expelled into the tissue being ablated. As shown in Fig, I, a pull wire 142 is 
connected at one end to a meta) ring 140 attached to the inside of the outer catheter 
body 120 and at the other end to a lever 148 on the catheter handle 1 12, Manipulation 
of the lever 148 enables the distal catheter tip to be flexed and deflexed to facilitate 
catheter placement 
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The catheter handle 1 12 also has a sliding retraction/extension mechanism 
with a lever 146 coupled to a retraction spring 156 in an Inner homing 1 50 within the 
handle 112. A pivotable elongated member 152 (preferably a screw) connects a 

rotatable attachment or dial 154 for the catheter to the body of the handle 1 12. 

Fig. 1 3A is a perspective view of the needle-like member 124 of Fig- 3A, 
showing its configuration 1300 in detail Corresponding reference numerate 13JOC 
are used in Figs. 13A-13F for those of Figs. 13A-13E and 4. As Shown in Fig. 13A, 
there are four ring-like electrodes 1370-1373 disposed around the needle 1324 at 
given distances. 

Another embodiment is shown in Fig. 3B, hi which lite features Of Fig. 3 A 
have the same reference number. The drawing has been simplified so as not to 
obscure details of this embodiment For example, while ring electrodes are not 
depicted in Fig. 3B. die needle 124 may be practiced with such ring electrodes. An 
ultrasound crystal 160 is located at the distal portion of the internal lumen of the 
intramural needle-like member 124, The ultrasound crystal 160 is made of a suitable 
plezo-electric material. The ultrasound ciystal 160 has a Ugh resonant frequency, 
preferably greater than 10 mega Hera to enauiie thM the cr>^ 160 is of minimal 
thickness. The ultrasound crystal 160 has a pair of conductive wires 161 connected to 
the crystal 160 that extend back to die catheter handle 1 12. The conductive wires 161 
are connected to an ultrasound pulser/receiver to enable A mode images to be 
displayed from die crystal 160. 

During deployment of the ratnuuund needle-like member 124 pulses of 
ultrasound energy are transmitted and received by the crystal 160. A suitable display 
instrument such as an oscilloscope can display the^infonnadon received from the 
ultrasound crystal 160. For example, the thickness of the myocardium that the needle- 
like member 1 24 is in contact with can be measured from the oscilloscope display, 
because the epicardial surface of die heart is seen as an area of high ultrasound 
reflectivity. This improves the safety of the technique by allowing the operator to 
judge the depth that the needle-tike member 124 should be inserted into the tissue. By 
avoiding over insertion of the needle-like member tho risks of complications such as 
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myocardial rapture, cardiac tamponade, and damage to &£ epicardial coronary 
arteries can be minimised in the given example. 

Fig. 13B is a lengthwise, croswectional view of a needle-like member like the 
one of Fig. 3B, showing its configuration 1302 in detail An ultrasound crystal 1360 is 
disposed al the needle tip 1324 and he* conductive wires that can be connected to an 
ultrasound pulsar/receiver. A fine bore irrigation tube or channel 1334 is located 
within the lumen of the intramural needie-likc member 1324 Fluid delivered via the 
irrigation tube 1334 can exit the needle 1324 via the pott 1338 located reaiwardly 
relative to the needle tip. 












it is shown in Fig. 3C in which the drawing has again be 
simplified so as not to obscure the details of this embodiment. Multiple small 
temperature sensing or measuring devices 194-197, preferably thennocouples, are 
attached to the outer surface of the needle-like member 124. The temperature 
measuring devices 194-197 are spaced at regular intervals, preferably 2 to 5 mm. 
Sensing wires 193 can connect the temperature measuring devices 194-197 to a 
temperature analysis system. The temperature sensing devices 194-197 enable the 
operator to monitor the temperature response at a variety of tissue depths. During the 
ablation procedure, the temperature measuring devices 194-197 located within the 
tissue (e.g„ myocardium) show a temperature rise. The temperature measuring 
devices 194-197 that are outside of the tissue (e.g., myocardium) do not show a 
temperature rise during ablation as those temperature measuring devices 194-197 are 
cooled by the circulation of fluid (eig^ blood) past the devices, This results in 
increased efficiency of be ablation procedure as the operator knows the exact depth 
of needle insertion by observing at which points in the needle-like member 124 the 
temperature increases during abladoa ; ^ 

Fig. 13Cis a togdiwise, cross-secrional view of a needle-like member like the 
one of Fig, 3C, showing its configuration 1304 in detail Again, a fine bore irrigation 
tube or channel 1 334 is located within the lumen of the intramural needle-like 
member 1324. Fluid delivered via the irrigation tube 1334 can exit the needle 1324 
via the port 1 338 located rearwardly relative to the needle tip. Ike needle-like 
member 1324 has multiple small temperature sensing or measuring devices 1394- 
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1397, preferably thermocouples, attached lo its outer surface. The temperature 
measuring devices 1394-1397 are spaced ai regular intervals. Sensing wires inside the 
catheter can connect to the temperature measuring devices 1394-1397 through the 
needle to a temperature analysis system. 
5 Once the end of the catheter 100 has been steered to the area of interest, die 

operator rotates the dial 15* on the handle 112. This rotation is transmitted to the 
inner toraue sheath 122, advancing the helical fastening needle 130 up to 2 nan into 
the tissue (e.g., myocardium) 199 as shown in Fig. 4. Aficr the helical fastening 
needle 130 has fixed the end of the catheter 100 against the tissue (eg., myocardium), 
10 the operator can then advance the ablation needle electrode 124 into the tissue 199 to 
the required depth as shown in Fig. 5. Electromagnetic energy (eg* electrical current 
for RP energy) can then be delivered to die ablation needle-like member 124 and 
irrigation fluid can be circulated through the ablation needle-like member 124 at a 
suitable rate (e.g,, 2foui/minnte). 
15 Figs. 14A, 14B, and 14C are detailed views showing the deployment of a 

hdi«d fastening needle 1430, followed by deployment of the ablation needle member 
1424. As shown in Fig. 14A> the helical fastening needle 1430 and the needle 
member 1424 are initially retracted within the lumen of the outer catheter 1420. The 
helical fastening needle 1430 is disposed partially within the lumen of an inner 
20 catheter 1422, but projects forwaidly from that catheter 1422 toward the opening of 
the outer catheter 1420. The needle member 1424 is retracted within the lumen of the 
inner catheter 1422. Pressure valves 1490 are disposed between the inner surface of 
the lumen of the outer catheter 1420 and the outer surface of the inner catheter 142% 
and between the inner surface of the inner catheter 1422 and the needle member 1424. 
25 InFig. 14B, the inner catheter 1422 is rotated (as indicated by an arrow) as the 
catheter 1422 is pushed forward $0 that the helical fastening needle 1430 protrudes 
from the outer catheter 1420. In the presence of tissue, this would cause the helical 
fastening needle to engage such tissue and attach the end of die catheter to the tissue. 
In Fig. 148, the needle member 1424 and pushed forward within die outer catheter 
30 1 420. In Fig. 14C, the needle member 1424 deploys through the helical fastening 
needle 1430 and extends beyond that needle 1430: 
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Fig, 13F is a lengthwise, croes-scctional view of a needle-like member like the 
one of Fig. 4, showing its configuration 13 10 in detail. The needle-Uke member 1324 
has an internal irrigation tube 1334 to deliver coolant, for example, which exits the 
needle by the rearward port 1336* 

As depicted in Fig. 5, the helical fastening needle 130 extends preferably only 
up to 2 mm into the tissue (e,g.> myocardium), while the needle-like member 
preferably extends up to 12 mm into the tissue. Other size needle-fike members and 
helical fastening needles may be practiced without departing from die scope and spirit 
of the Invention. The Irrigation fluid exits the necdlc-lik* member through the poit 
13S and may enter die surrounding fluid through the end of the catheter 100 abutting 
the tissue (e*g>, myocardium). . : 

Fixation of the end of the catheter 100 against the tissue 199 enables the 
ablation needle-like member 124 to be inserted into the tissue 199 easily and to be 
directed into the tissue at the correct angle. This is done by advancing or withdrawing 
the catheter 100 with the helical fastening needle 1 30 partially deployed This 
technique or process is illustrated by Figs. 6A-6D of the drawings. 

to Tissue , 
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Fig. 2B is an alternate embodiment of the catheter handle shown in Fig. 2A. 
Features with the same reference numeral in Fig. 2B correspond to the like features in 
Fig. 2A, and the corresponding description has not been duplicated to avoid repetition. 
In Fig. 2B, a syringe 19S is coupled to the 'luer lock 9 intravenous fluid connection 
136. hi this manner, substances may be delivered to tissue using the needle-like 
members in accordance with the embodiments depicted in Figi 3D and 3E. For 
example, stem cells may delivered in a solution fawn the syringe 19S via the needle- 
like member to the tUsue. 

Fig. 3D depicts a needle-like member haying a olosed terminal end (as per 
Figs. 3 A, 3B, and 3Q but with an outlet bore or hole 138 adjacent to the end of the 
needle-like member 124 to deliver the substance into tissue. 

Fig. 13D is a lengthwise, cross-sectional view of a needle-Uke member like the 
one of Fig. 3D, showing its configuration 1 306 in dctaiL The needle-like member 
1324 has a olosed terminal end. with an outlet bore or hole 1338 adjacent the end of 
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die needle-like member 1324 to deliver the substance into tissue. For example, active 
substances can be delivered via the port 1338 in the ode of the needle. 

Fig. 3E depicts a needle-Wee member having an open terminal end 139 to 
deliver die substance into tissue in accordance with another embodiment of me 
invention. Fig. 13E is a lengthwise, cross-sectional view of a needle-like member like 
the one of Fig. 3E, snowing its configuration 1 308 in detail. The needle-like member 
1324 has an open terminal end 1339, which may bo used to deliver active substances, 
for example. 




Fig. 6A illustrates scheniancally a portion 620 of a catheter 600 of the type 
100 depicted in Figs. 1 -5 that is deployed near foe -area of interest 650 b myocardial 
tissue 610. The catheter tip contains a helical fastening needle 630 and a needle-like 
member 640 retracted within the catheter and the tip is orientated obliquely to the 
ventricular wall. 

Fig- 6B illustrates (he helical hstaaas needle 630 advanced one turn allowing 
the helical fastening needle 630 to fix the catheter to the tissue (e,g, myocardium) 610 
at one point Further manipulation of the catheter 600 causes the catheter 600 to pivot 
at the fixed point. The operator advances the catheter 600 (as indicated by an arrow in 
Fig. 6Q to orientate the catheter tip perpendicularly to die ventricular wall, as shown 



..i > ^ . i 



20 inFig.6C. 

Fig. 6D illustrates the intramural needle-like member 640 extended 
perpendicularly into the tissue 61 0 to fully cover thearea of interest 650 (not shown in 
Fig*. 6B and 6D to simplify the drawings). - ; l 

Preferably, the ablation needle-Uke member 124, 640 i» irrigated with the 

25 irrigation fluid, which is then channelled into die circulation, This is done at a portal 
138 at a distance away from the tip of die needle needle-like member 124, 640. If 
irrigation fluid were to be expelled from the tip of the needle, the irrigation fluid 
would be forced under pressure into the tissue (e.fc, myocardium) 199, 6 10, leading to 
local swelling. Only small quantities of irrigation fluid could be delivered if die fluid 

30 were to be expelled into the tissue 199, 610, thereby limiting me ability of the 
irrigation fluid to effectively cool the ablation electrode 124, 640. Thus, the 
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positioxuns of one or more portals 138 away fiom the portion of tt 
placed in myocardial tissue is advantageous. 
Farther Embodiments 

Fig. 8 A is a perspective view of an intramural, needle-tipped device for 
5 treating myocardial tissue in accordance with another embodiment of the invention. 
Again, the entire catheter 800 is not shown, as indicated by broken lines 8 Id to 
enable enlargement of the view of the tip of the catheter 100* Fig, 8A provides an 
enlarged perspective view 890 of the needle tip: v 

The catheter shaft 81$ includes an outer flexible body or sheath 820 with a 
1 0 connection to the catheter handle 8 12 at one end and a distal opening at the other cad. 
The outer body or sheath 820 is constructed of suitable material such as plastic, 
polyurethanc, polyester or PEBAX™. The outer body 820 has a large lumen and a 
smaller lumen 860, as depicted in Figs. SB and 8D. The smaller lumen 860 may be 
formed in the catheter wall defining the larger lumetL Within the smaller lumen 860, 
a helical fixing member or fastening needle 830 contracted of a shape memory alloy 
wire may be deployed at the end of catheter. Hie Helical fixing member is connected 
to the catheter handle 812 and is deployed by being pushed forward out of the 
catheter. Once the helical fixing member has exited the confines of the inner lumen 
860, the helical fixing member returns to its programmed helical shape as the helical 
20 fixing member enters the tissue 199. ■ 

Figs. 10-12 show alternative configurations of the outer body 820 with a larger 
lumen and a smaller himen/catheter. The drawings in Figs. 1 0>12 have been greatly 
simplified to show these configurations. In Fig. 10, the catheter 1000 has an outer 
body 1020, with an inner catheter 1060 attached to an internal surface of die catheter 
dy 1020. For example, the two catheters may be extruded as a single unit, or may 
be separate catheters affixed together (e g. using adhesive). This inner catheter 1060 
has a lumen that is smaller than the lumen of the catheter 1000, which may have the 
Nitinal™ wire deployed within it Fig. 1 1 shows alretated configuration where die 
catheter has the smaller diameter catheter 1 160 deployed on the outer surface of the 
30 catheter body 1 1 20. Still further, Fig. 12 shows another configuration akin to that in 
Fig. 8D, but where die outer body 1220 of the catheter 1200 has a flat surfece, which 



l(>. 



-» ■ ' r ■ . 



•• 



« t d% . . . . 



MAY-13-2005 09:17 



BHGL CHICAGO 



312 321 4299 P. 41/50 



» w • - > 



\ ♦ 

* 



WO 2004/043172 



tcrivoimmim 



.24- 



10 



thicks a porton fth* catheter wall. In the thickened portion of the outer body 
1220 is formed die smaller lumen in which the NHnol wire may be deployed. 

The helical fastening oeedle 830 in this embodiment comprises a helically 
^^M^^m^^ oim ^ Theneedle830lsshapedby 
heatingmewire,fori»mgtoeh^ * x *"** 
inU >temM«tmnMte^te>^^Y^&*^ However, as 
me wire is deployed out of the smaller lumen 860 of the outer body 820, the wire 
resume^itehdiealsh^asmefastetungmemberSSO. While specific matenals are 
recited In this embodiment for the wire, many other shaped memory materials may be 
practiced without departing from the scope and spirit of the invention, provided they 
provide similar functionality and safety concerns. TheheHcal fastening needle 830 18 
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a sharp distal tip- 

The helical fixing member 830 may be completely withdrawn tmo me cauuuar 
so that the helical fixing member 830 does not damage any internal organs while the 
catheter is being manipulated. An Intramural needle-lite member 824 shown in Figs. 
8B, 8C, and 8D can be located completely within the lumen of the outerbody 820. 
The catheter 800 of Figs. 8A-8D may be practiced with any of the needles shown in 

Fig.3A.3R !,J 

The intramural needle-like member 824 has a connection to a needle shaft (not 

shown), which extends back to the catheter handle 812 of Fig. 8 A. Again, the needle 
shaft may be coupled to an ablation wire passing through the handle 812 for providing 
electromagnetic energy to the needle-like member 824 tor thermal ablation of tissue 
in the manner described above. Again, the needle-like member 824 may fttdfb. an 
electrode for delivery of energy or have one or more electrodes in or on the needle- 
like member 824 for delivery of energy. f - 

The needle-like member g24 h« an mner lumen and a sharp distal tip to allow 
penetrationofmyocardial or other tissue. An ultrasound crystal 840 may be loeateda. 
the tip of the needle-like member 824. A torture-sensing device 838 may be 
located within the inner lumen or on the external surface of the needle-like member 
824, as Shown in Fig. 8b. Preferably, the tenperatare-aensing device ia a 
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memocouple. The thermocouple may be connected to two wires that extend 
proximally through the catheter handle 812. The Wle-Iikc member 824 can be 
extended and retracted in a controlled manner using the wtistable handle show in 
Pig. 8A. Thus the depth of insertien of the needle-like member 824 into tissue can be 
controlled 

While not shown in Figs. 8A-8D, ring-shaped electrodes may be located on 
the external surface of the needle-like member 824 to allow electrical activity within 
the tissue to be recorded at different depths. These electrodes may he constructed and 
used in the maimer noted above. Each electrode may have a respective wire 
terminating in a plug 878-881 to be connected to a standard electrophysiological 
recording system. Also depicted in fig. 8A aw* Liter lock connector 882 tor 
irrigation fluid, a 2 mm tip electiod for eonnection an RF generator, and a BNC 
connector 884 to link the ultrasound crystal 840 to a suitable display device. 

As shown in Fig 8D, a fine bore irrigation tube or channel 834 may be located 
witttin the lumen of the intramural needle-like member 824. Preferably, the irrigation 
tube 834 terminates near die tip of the neeme-tike member 824. The other end of the 
irrigation tube 834 extends to the catheter handle 812 and terminates in a standard 
'hier lock' intravenous fluid connection 882. More preferably, the needle-Eke 
member 824 includes one or more outlet holes or bores 838 to allow arigation fluid to 
exit from the lumen of the needle electrode 824 and enter the circulation, A pull wire 
may be connected at one end of the outer catheter body 820 and at the other end to a 
lever on the catheter handle. As noted above, manipulation of me lever enables tha 
distal catheter tip to be flexed and deflexed to facilitate catheter placement. 

The catheter handle 812 also has a sliding retraction/extension mechanism tor 
the distal ablation needle 824 with a lever 846 coupled to a retraction spring in an 
inner housing within the handle 81Z The helical fixing member 830 is extended into 
the tissue by manipulation of the lever 83d on the catheter handle 812. After the 
helical rattening needle 830 has fixed the end of the catheter 800 against the tissue 
(eg,, myocardium), the operator can thai advance the ablation needle electrode 824 
through the helical fastening needle 830 into the tissue,. Electromagnetic energy (e.g. 
electrical current for RF energy) may then be dehvered to the ablation needle-like 
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member 824. During RF ablation irrigation fluid may be delivered via a small 
diameter irrigation tube 834 and circulated through the ablation needle-like member 

824 at a suitable rate (e.g., 20ml/minute). 

Fixation of the end of me catheter 800 against the tissue enables the ablation 
needle-like member 824 to be inserted into the tissue easily and to be directed into the 
tissue at the correct angle This is done by advancing or withdrawing the catheter 800 
with me helical festening needle 830 partially deployed. This technique orprocess is 
illustrated by Figs. 9A-9D of the drawings- 
T^nynent of Device 

Figs. 9A-9D show the deployment of me catheter device 900. 
has the construction of the catheter device 800 ihbWn Figs. 8A-8D. Figs. 6A-6D are 
essentially identical as those of Figs. 9A-9D, with like elements 6XX in Fig 6 having 
like numbers 9XX in Fig. 9 (e.g„ tissue 610 in Fig. 6 snd tissue 910 in Fig 9X except 
that the helical fastening member 930 deploys fiom the smaller lumen 960, rather thai 
the larger lumen of Figs. 6 and 9. For die sake of brevity, the details of Fig. 6 are not 

1 ■ * i "7 # ■ ■ 

repeated* 

Ftg8. 15 A and 15B w detailed views showing the deployment of shape 
v ft n«v » a helical fcstenine needle 1530, followed by deployment of the 



ablation needle member 1524. As shown in Fig. 15A, me shape memory alloy wire 
1430 and (he needle member 1 524 are initially retracted within respective lumens of 
the catheter 1520. The shape memory alloy wire 1530 is disposed within its own 
liunm in this embodiment and is substantially straight as retracted. . The needle 
member 1524 is retracted within the lumen of the catheter 1520. A pressure valve 
1590 is disposed between die inner surface of me large lumen of the catheter 1520 and 
the needle member 1524, In Fig. 15B, the shape memory alloy wire 1530 is pushed 
forward so that the shape memory alloy wire 1430 forme a helix as it protrudes ftam 
the catheter 1520. In the presence of tissue^ this would cause the terminal helical 
por tion of the shape memory alloy wire to engage such tissue and attach the end of the 

catheter to the tissue. 

The embodiments of the invention have a number of advantages including the 
following. The embodiments of the invention enable fixation of the catheter to me 
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tissue with a helical fastening needle. This is advantageous because the helical 
fastening needle can be moved Independently of ablation needle-like member 
movement This means that the helical fastening needle needs to be advanced only a 
few millimetres into die tissue to provide sufficient stabilisation for needle insertion. 
This is in marked contrast to catheters having a screw needle electrode for both 
fixation and ablation, which require the screw needle electrode to be inserted to a 
much greater depth. In the event of traumatic movement of the catheter (e.g., during 
defibrillation) die helical fastening needle of the embodiments of die invention cause 
negligible damage to die tissue if dislodged since the helical fastening needle is only 
inserted 1-2 mm Inserting a screw electrode as deep as the required ablation can 
disadvantageous^ lead to a large myocardial tear in the event of sudden movement of 
die scpewed-in catheter. Thud, the embodiments of the invention have improved 

safety. - > A 

Further, the embodiments of the invention are advantageous in that the helical 
fastening needle can have a small outer diameter to enable it to enter die tissue (eg., 
myocardium) with minimal res istance, t el alive to the larger di axneter of screw 
electrodes that are required for ablation. This provides improved ease of use. 

The embodiment* of die invention are useful in a number of ways. Firstly, the 
embodiments can be used for ablation of ventricular tachycardia originating from 
intranyocardial and subepicardial sites. Preliminary testing indicates that the 
percutaneous needle ablation cathetar can create lesions of >12 mm of depth. Still 
further, the embodiments of the invention can be used for ablation of certain 
supraventricular arrhythmias where conventional ablation strategies have failed (eg 
atrial flutter). Still further, the embodiments of the invention cm be used to provide 



thermal ablation therapy for cardiac or other tumours. Still further, die embodiments 
of die invention can be used to enable percutaneous ablation of non-cardiac tissue 
including but not limited to hepatic, renal and pancreatic tumours. 

Thus, surgical devices for treating tissue, surgical methods for treating tissue, 
and intramural, needle-tipped cafheten for treating myocardial tissue have been 
described. While only a small number of embodiments have been set forth, it will be 
apparent to those skilled in the art that, in view of this disclosure, modifications and 
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substitutioni may be made without departing from the scope and spirit of the 
invention. 



I 



This Page is Inserted by II W Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation, „ f * ■ ■ , 
documents submitted by the applicant: representations of the original 

Defects in the images include but are not limited to the items checked: 
Ef black borders 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

Blurred or illegible text or drawing 

□ SKEWED/SLANTED IMAGES 

U COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

10 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE© OR EXHIBITS) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY 
As rescanning these documents will not correct the imaee 

rJFW S I CheCke p d ' P K. eaSe d ° n0t rep ° rt these Proems 5o 
the IFW Image Problem Mailbox. 



